INTRODUCTION
Obesity is a well-recognized risk factor for breast cancer (BC) in postmenopausal women. Studies indicate that all measures of obesity, such as waist to hip ratio (WHR), weight gain, body mass index (BMI), and percent body fat, are associated with an increased risk of postmenopausal BC [1] [2] [3] [4] . On the contrary, in premenopausal women, high body weight may be protective among women with fat accumulation in the lower body (low WHR) [5] [6] [7] .
Obesity is also associated with a poorer prognosis and increased mortality for patients with BC, which probably results from a diagnostic delay that leads to more advanced disease stages. Furthermore, BC in these patients is more aggressive because obesity is associated with the upregulation of a number of cellular proliferation pathways and is directly related to circulating estrogen levels. Moreover, obese patients are more likely to receive reduced doses of chemotherapy compared with normal-weight women [8] [9] [10] [11] . Obesity and BC may have a considerable negative impact on public health. In the United States, it is estimated that 20% of all BC cases and up to 50% of deaths due to BC in postmenopausal women can be attributed to obesity [12] . A prospective study performed on an Italian population assessed the risk of BC in obese women according to biohumoral parameters such as glycemic index and area under the glucose response curve [13] , but to our knowledge, there are no data focusing on the relationship between anthropometric vari-Purpose: We conducted a study to evaluate the relationship between body mass index (BMI) and the risk of breast cancer (BC) and outcome in a population of 14,684 women aged 55 to 69 years eligible to participate in the Mammography Screening Program (MSP) in the Province of Modena, Italy. Methods: The study population was drawn from women who underwent mammography screening between 2004 and 2006 in the Province of Modena. Women were subdivided into obese, overweight, and normal-weight categories according to BMI and followed until July 31, 2010, to evaluate the BC incidence. The clinicopathological characteristics of BC were also evaluated in different groups of patients classified according to BMI. After BC diagnosis, patients were followed for a median period of 65 (range, 2-104) months. Second events (recurrences and second tumors) were recorded, and the 5-year event-free survival (EFS) was calculated. Results: After a period of 73 months, 366 cases of BC were diagnosed. Compared with normal-weight women, obese women had a significantly higher incidence of BC (relative risk [RR], 1.32; p= 0.040) (RR= 1), larger tumors (27% of tumors were larger than T2 size), and more nodal involvement (38.5% of tumors were node-positive). Furthermore, a significantly higher rate of total events was seen in obese women compared with overweight and normal-weight patients, respectively (17.9% vs. 11.4% vs. 10.8%, p = 0.032). The 5-year EFS was 89.0%, 89.0%, and 80.0% for normal-weight, overweight, and obese patients, respectively. Conclusion: We observed a significantly higher risk of BC in obese women among those eligible to participate in the MSP in the Province of Modena. Finally, obese women had more second events and poorer EFS compared to nono bese women.
ables and the risk of BC in the Italian population. Furthermore, it is widely accepted that BMI is positively associated with several types of cancers including tumors of the colon and endometrium, adenocarcinoma of the esophagus, and kidney cancer [14] . Therefore, we conducted a study to evaluate the relationship between BMI and BC incidence and outcome (including relapses and second tumors) in a population of more than 14,500 women aged 55 to 69 years in the Province of Modena, Italy.
METHODS

Study population
The Mammography Screening Program (MSP) was started in 1995 in the Municipality of Modena and gradually extended to other districts of the province, with a population of 701,500 inhabitants of which 358,134 are women.
Briefly, as established by the Italian National Health Service, all the asymptomatic women without palpable or clinical signs of breast lesions who were residents in the Province of Modena and aged 50 to 69 years were invited by letter to undergo a biannual bilateral two-view (i.e., lateral and oblique projections for right and left breast) screening mammogram. The screening mammogram was read by two radiologists; for suspicious findings, the patient was recalled for a second look, usually by ultrasound or by a focused radiogram, and a subsequent core or vacuum-assisted biopsy was performed to characterize the lesion. In case of suspected or definitively diagnosed carcinoma, the patient underwent breast surgery and the final histology results were sent to the screening program and registered in a regional database.
The first screening round started in October 1995 and ended in December 2001. Data on women invited to the MSP are registered and collected at the beginning and every 10 years. In the first round, 79,859 women were invited to participate in the MSP and 52,558 accepted (acceptance rate of 65.8%). Furthermore, 1,458 women who were not invited were referred to the screening for breast symptoms (pain, discharge, or mass). The total recall rate for biopsy was 8.1 per 100,000 women with a detection rate of 10.2 per 100,000 women. Finally, 4,730 women left the MSP after the first mammogram (abandonment rate of 9.0%) ( Table 1) .
All of the women in this study were weighed, whereas heights were self-reported. BMI, defined as weight in kilograms divided by height in meters squared (kg/m 2 ), was calculated only for women with complete height and weight data. Based on the BMI, women were grouped into the weight categories recommended by the World Health Organization (WHO) [15] : underweight (BMI < 18.5 kg/m 2 ), normalweight (BMI = 18.5-24.9 kg/m . Our study population was drawn from women who underwent mammography screening between July 1, 2004, and July 31, 2006, and were followed until December 31, 2010. Because only anthropometric data that are part of regular clinical records were collected, the approval of the local ethical committee was not required. During the study period, 71,612 women underwent screening mammography, 36,607 of whom were 55 to 69 years of age. All women were invited to participate in the study via an advertising campaign at the mammography screening site. Height and weight measurements were collected from all women who agreed to be weighed (15,702 women). We excluded women who had been diagnosed with another cancer before or during the enrollment period (n = 1,018). Therefore, the final study population consisted of 14,684 women ( Figure 1 ). The characteristics of the final study population, subdivided by age range and BMI, are reported in Table 2 . Among 14,684 women, 79 were underweight, 6,183 were normal-weight, 5,762 were overweight, and 2,660 were obese. Baseline characteristics regarding the remaining 20,905 women who were not weighed are lacking. However, considering a national prospective study from the Italian Institute of Health in which women aged 50 to 69 years were randomly interviewed about their physical condition, 57.8% were overweight or obese, as in our sample [16] . Cases diagnosed on the basis of a death certificate only were excluded; only microscopically confirmed cases were included for analysis. For every case, data on histology, staging at presentation (based on the 2009 Union for International Cancer Control Tumor-Node-Metastasis classification) [17] , and treatment were obtained from clinical records. All the events (local or distant recurrence, second breast or nonbreast tumors, and deaths from BC or from any other cause) that occurred among these women during the follow-up period were retrieved by experienced clinical documentation clerks with active follow-up strategies.
Statistical analysis
The chi-square test was used to determine differences in clinic-pathological features between the BMI groups and between cases diagnosed in the study and screen-detected tumors matched for age and calendar-period. We used a Poisson regression model to estimate relative risk (RR) and 95% confidence intervals (CIs) for overweight and obesity relative to normal BMI, adjusted for age and hormonal receptors. We believed that this model was suitable for a closed cohort like our population where a very low number of women migrate out of the Modena Province and the number lost to follow-up is negligible. Two distinct models were fitted, with BMI as a categorical variable or as a linear trend. Other variables, such as use of oral contraceptives or hormonal replacement therapy, age at menarche, parity, breastfeeding, or family history of BC were not evaluated in this model. However, we subdivided BC cases according to selected clinicopathological characteristics obtained from the MCR database and we estimated the hazard ratio of BC incidence according to hormone receptor status between cases diagnosed in the study and screen-detected tumors matched for age and calendar-period. The Cox proportional hazards regression model was used in multivariate analysis to determine whether the identified risk factors independently influenced incidence of BC. The covariates selected were BMI, tumor size, nodal involvement, and stage (I vs. others). The normalweight BMI group was used as the reference category to calculate the RR. Hazard ratios and 95% exact and mid-p CIs were calculated and the Wald method was used to test for significance.
The 5-year event-free survival (EFS) was defined as the time from diagnosis until the appearance of the first recurrence of BC or a second cancer. Survival was estimated by the KaplanMeier method, and any differences in survival were evaluated with a stratified log-rank test.
We conducted the analysis using STATA (8.0 SE version) statistical package (StataCorp LP, College Station, USA). Differences were considered statistically significant when the pvalue was ≤ 0.05. All statistical tests were two-sided.
RESULTS
Incidence of breast cancer
In total, 14,684 women were eligible for analysis. The mean age at recruitment was 63 ± 4.4 years and the mean BMI at baseline was 26.4 ± 4.4 kg/m 2 . The mean age at diagnosis was 63.5 ± 10.5 years since the last cohort of women was entered into the MSP at 69 years of age in 2006; they were followed until the age of 74 years. The median time between the first mammogram and diagnosis of BC was 27 months (range, 0-73 months), considering both prevalent and interval can- Table 3 shows the RR of BC according to BMI, adjusted for age. Compared with normal-weight women (RR = 1), the RRs for overweight and obese women were 1.17 and 1.32, respectively (95% CIs, 0.92-1.47 and 1.00-1.75, respectively). When BMI was entered into the model as a continuous variable, the estimated RR associated with a linear trend for BMI was 1.21 (95% CI, 1.05-1.40).
Tumor characteristics
A comparison between 905 patients diagnosed by the MSP who were not included in our study and 366 patients diagnosed who were included in the study is shown in Table 4 . Patients diagnosed within the study had an increased tumor size and were more frequently axillary node-positive.
The analysis of the tumor characteristics in relation to BMI (Table 5) showed that obese women had a higher percentage of larger tumors (27% of tumors were > 2 cm) compared with overweight women (8.1%) and normal-weight women (10.7%) (p = 0.002, obese vs. overweight and normal-weight women). Obese women also had higher percentages of nodepositive cancers (38.5% of tumors were node-positive) compared with overweight women (21%) and normal-weight women (22.9%) (p= 0.040, obese vs. overweight and normal- Data are presented as number (%). S-D = screen-detected; MCR = Modena Cancer Registry; ER = estrogen receptor; PR = progesterone receptor. *Mean ± SD.
weight women). Data on human epidermal growth factor receptor 2 status were lacking in most cases because at that time it was not routinely tested. Regarding hormone receptor status, all BMI groups had a higher percentage of estrogen receptor (ER) positive and progesterone receptor (PR) positive tumors (73.6% in normalweight, 72.3% in overweight, and 79.5% in obese women) compared with the other three tumor receptor categories, but the results were not statistically significant. Particularly, a Poisson regression analysis between different categories of BMI and hormonal receptor status showed that obesity represented a statistically significant risk factor for hormonal receptorpositive BC compared with hormonal receptor-negative BC in which no differences were seen among the three groups of patients (data not shown). A multivariate analysis evaluating the normal-weight women as the reference category and stage and hormonal receptor status as covariates showed that obese women more frequently had an advanced stage (higher than stage I) of disease (p= 0.003) ( Table 6 ).
Tumor treatments
Among 366 BC cases diagnosed in the study, 102 patients (27.9%) were treated with chemotherapy and 265 (72.1%) with hormonal treatment. A statistically nonsignificant trend of increased use of chemotherapy was shown for obese patients compared with normal and overweight patients (35.9% vs. 25% and 26.3%, respectively, p= 0.237), consistent with the more advanced stage of disease in this group of women. No statistically significant differences were seen for hormonal treatment, although a trend in favor of obese women was shown (78.2% vs. 67.9% for normal-weight and 73.6% for overweight women, respectively, p = 0.300). Among the different chemotherapy regimens used, anthracycline-based treatments represented the most frequently adopted regimen (52.0%), followed by taxane-based regimens (32.5%), cyclophosphamide/methotrexate/fluorouracil (9.7%), and others (5.8%). This distribution of regimens reflects the era in which anthracycline represented the milestone of BC chemotherapy. Data are presented as number (%). BMI = body mass index; ER = estrogen receptor; PR = progesterone receptor. *Mean ± SD (34 missing value); † N0 = N0+N0i; N1 = N1+N1mic+N1a; > N1 = N2+N2a+N3. Finally, among hormonal treatments, aromatase inhibitors were the most used drugs (74.3%), with the remaining therapy consisting of tamoxifen (25.7%).
Event-free survival
After 104 months from the first BC diagnosis, with a median follow-up period of 65 months (range, 2-104 months), we observed 46 events, including 11 BC recurrences (local and distant), 16 second BC tumors, and 19 other second malignancies. We observed four BC recurrences in obese women, four in overweight women, and three in normal-weight women, without statistical significance (p= 0.440). No differences were seen for second BC tumors, but a significantly higher rate of other second malignancies occurred in obese patients, who developed two colon, one endometrium, one pancreas, two lung, one melanoma, and one hematological (leukemia) malignancy. In total, the rate of events was higher in obese than in non-obese women (17.9% of obese BC patients developed events, p= 0.032) ( Table 7) .
The 5-year EFS was 80.0%, 89.0%, and 89.0% among the obese, overweight, and normal-weight women, respectively (p= 0.200) (Figure 2 ).
DISCUSSION
We examined BC incidence, recurrence, and second tumor development in relation to BMI in our study population. In this large cohort study of women aged 55 to 69 years participating in the MSP, obese women showed an increased risk for BC compared with normal-weight and overweight women This study also confirms that BC tumors in obese women are likely to be larger and more frequently node-positive than those in other groups of patients. Furthermore, obese women develop more second events, particularly second non-BC tumors. Finally, this study shows an unfavorable prognosis of obese patients in terms of developing BC recurrences and other tumors at 5 years of follow-up, even though the differences were not significant in our study.
The association between measures of body size and risk of BC has been confirmed in numerous studies [2] [3] [4] 18] . In general, obesity has been found to be positively associated with a higher risk and a poorer prognosis of postmenopausal BC [12, 19] . To establish with acceptable certainty that all participants were postmenopausal, we considered in this study only women aged 55 to 69 years.
Our findings are compatible with those of previous studies [1] [2] [3] [4] [12] [13] [14] 18, 19] , where a positive association between BMI and risk of postmenopausal BC was seen. Indeed, the RR for postmenopausal BC among obese women was significantly higher than that for normal-weight women.
Moreover, we found that obese women were more likely to present with a larger tumor size compared with normalweight women, and the difference was statistically significant. The present finding is consistent with other study results showing an association of obesity with tumors with poor prognostic characteristics; in fact, all of those studies found that an increased BMI or other measures of adiposity were significantly associated with an increased risk of cancer stage being higher than stage II (according to the American Joint Committee on Cancer staging system) and with an increased frequency of grade III tumors [20] [21] [22] .
Several studies have examined whether the risk of postmenopausal BC associated with obesity is heterogeneous according to ER/PR status [23] [24] [25] . In our study, we observed an increased risk of ER and PR positive tumors in all BMI categories examined. Other data suggest an increase in receptorpositive BC in obese women [23] [24] [25] , and the current study may show a trend in that direction, but it was not statistically significant, perhaps owing to a relatively small sample size or relatively short duration of follow-up.
The more advanced stage at diagnosis and the more biologically aggressive tumors can explain why obese BC patients have a worse prognosis, since they are more likely to develop local and distant recurrences.
We demonstrated that obesity was associated with an increased risk of a second event. Particularly, a statistically significant association was found for second non-BC tumors. Because a second BC tumor represents the most frequent tumor occurring after primary BC [26, 27] in all patients affected, no differences were seen between different groups of patients for this event probably because of the small number of cases. Indeed, colorectal, endometrial, and pancreatic cancers, which are more represented in the obese patient group, are considered as related to BMI, as demonstrated in a prospective cohort study of over 1 million women [14] . In this study, Reeves et al. [14] showed an association between increased BMI and an increased incidence of endometrial cancer (trend in RR per 10 units, 2.89; 95% CI, 2.62-3.18), pancreatic cancer (1.24, 1.03-1.48), and colorectal cancer (1.61, 1.05-2.48) in premenopausal women.
The 5-year EFS curve shows only a negative trend for obese patients without reaching statistical significance, probably because many second events occurred in the last 3 years of follow-up. Moreover, there are many late recurrences of receptorpositive BC and a 5-year follow-up may be too short to accurately determine the overall relapse rate, which could in turn ultimately affect the survival curves. A further explanation is that the lack of increased risk of BC recurrence and a second BC could have been influenced by the hormonal adjuvant treatment received by patients because the majority had a hormone-dependent BC. In any case, our findings are broadly consistent with those of previous studies showing that patients with BC who are obese demonstrate a poor prognosis [8, [10] [11] [12] 14] . Particularly, in a systematic review of numerous studies collectively incorporating more than 29,000 women with invasive BC, Chlebowski et al. [9] showed a statistically significant increased risk of disease recurrence and mortality in obese women compared with lean women, with hazard ratios ranging from 1.3 to well over 2.
The primary strength of this study is the prospective design, which gave us the ability to examine, with adequate statistical power, the association between BMI and the risk of BC in postmenopausal women. To our knowledge, no previous study has examined the role of BMI in the incidence of BC in a large Italian cohort of postmenopausal women.
Moreover, our evaluation of the relationship between BMI and BC incidence in women participating in the MSP supports emerging considerations of screening program locations as one of the first possible settings for cancer prevention and education.
Finally, we note that our study was made possible and facilitated only by the existence of a population-based cancer registry in the area. Through the registry, we recognized all new cases of cancers in women aged 55 to 69 years and obtained information about their follow-up status. We consider a cancer registry an important tool for adequate monitoring of screening programs.
This study has several limitations. A weakness is that menopausal status was assessed based only on age criteria. Because we did not collect data on the menopausal status, we included only women aged 55 to 69 years in view of the fact that the median age at menopause in Europe ranges from 50.1 to 52.8 years [28] . Moreover, because the results are from a population of predominantly white middle-aged or elderly women, they may not be generalizable to other populations of interest.
However, considering that according to the MCR data, approximately 60% of BC arises in women aged 55 to 69 and 70% of these patients adhere to the MSP, our data could reflect approximately half of the BC population. Furthermore, no baseline characteristics were collected from women not entered into the study, which could represent a selection bias, although a comparison with the "Progressi delle Aziende Sanitarie per la Salute in Italia" study seems to correlate with our data regarding the percentage of overweight and obese women (57.8%) among the general population aged 50 to 69 years [16] . Younger or older women have to be better investigated to explore other risk factors and BMI conditions at that age. Another limitation is the potential for measurement error from self-reported height, although the correlation of selfreported height with measured height has been reported to be high, ranging from 0.80 to 0.95 [29, 30] .
Another limitation of the study is that body weight was measured only at the mammography examination and may not reflect the weight at diagnosis or recurrence, because patients may have lost or gained weight at that time. Moreover, the sample size of 366 women with BC is small for the outcome analysis.
Finally, because information on the potential confounders (e.g., reproductive and menstrual history and hormone replacement therapy use) was not available, it was not possible to calculate adjusted RRs.
In conclusion, despite the limitations described above, we observed a significantly higher risk of postmenopausal BC and a higher rate of second events in obese women in the Province of Modena.
Our findings support the evidence that obesity, however measured, adversely affects the development of BC. Furthermore, obese women represent a group of patients at risk for other obesity-related cancers, such as colorectal, endometrial, and pancreatic cancer. Obesity is one of the few risk factors for BC that can be modified throughout life. Thus, a continuous surveillance of the effect of BMI on BC incidence and prognosis is needed. Finally, weight management should be an integral part of BC screening and prevention strategies.
